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GEOLOGY OF MIDDLESEX COUNTY IN BRIEF

Topography and Geomorphology

The southeastern two thirds of Middlesex County lies in the Inner Low-
*land section:of the Coastal Plain Province; the remainder _15_w1th1n the
.- Newark Basin of the' Piedmont Physiographic Province ((see map).  The north- |

_eastern portion of the county has been modified by continental glaciers
. which -extended.as far south as .South Plainfield, Metuchen, and Perth A:ﬁboy.

"The CoastallPlain area is very flat or gently rolling. Steeper
- slopes and as much as 150.feet of relief form narrow valleys where streams
. and rivers have entr‘eriched this. surface. Occasionally, slopes are. steep-
ened by iron oemented sands which form near the .crest of the slopes.

The Piedmont section of the county is also flat but has a more rolling
topography and is more deeply dissected by nwnerouo streams.. : Northwest and
northeast of Deans a diabase- intrusion, ''traprock,' which is more resistant
.to erosion than the soft red shale which underlies most of the Middlesex
. County Piedmont, forms the Sand Hills,, Little Rocky Hill, and Rocky Hill.
The name.''Sand Hills' comes from the: iron cemented sands, the last rcmmants
.of a once more extensive deposit of. imcertain age, which are. protected . from
erosion by the above-mentioned diabase or traprock ridge.

The northeastern corner or glaciated portion of the county 1s ma_l_rked by
‘the terminal moraine,; a one to two mile wide ridge of boulders, gravel, sand
and clays carried southward by moving .ice and deposited at the_-southem.x;aar-
gin of the continental ice sheet. This: terminal moraine, nslng 100 to 150
- feet above its. surroundings, is. pockmarked with mumerous depressions, some
are now pondsy Tresulting from ;t‘momeltlng of blocks of ice trapped in the
heterogenous. sediments.of the meraine. Meltwater carrying sand and gravel

southwestward from the ice front deposited an "outwash plain" of sands and
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gravels which forms the Plainfields.

Géologic History

Precambrian Era 7

" Precambrian time is about 85 percent of geologic history. -The complex
 history of this long span of time can only be partially deciphered from Pre-
- cambrian rocks found elsewhere. Life had its 6rigin and some very primitive
: forms may have flourished toward the close:of this era more than 600,000,000
years before the present. No rocks of Precambrian age outcrop'within the
county. Deeb wells have penetrated hard crystalline schists which may be
Precambrian.  Similar Tocks undoubtediy fbxnimmcﬁ of the basement on which
‘the Coastal Plain sediments were deposited.

Palesozoic Era

No Paleozoic rocks are known in Middlesex County. A nearly complete

- sequence, however, occurs in Sussex and Warren Counties. ‘Rocks of this era
may be fossilferous, hence the name Paleozoic, meaning dawn of life. There
were several mountain,building movements of thé*earth‘s crust during this
_ﬁeriod which resulted in intense- folding and some metamorphism of rocks
belonging'to this era. hbtamofphoSed Paleozoic rocks underlie Manhattan
Isiand and much of New England. |

"Mesozoic Era

"“Triassic Period - Middlesex County and much of the eastern sesboard
“were above $ea'1eve1 during Tridssic and Jurassic times. North America,
" Africa and Burope formed one tontiﬁent, but the ‘crust was beginning to
break apart into the several plates which now form the continents. Great
faults broke New Jersey‘intc'block mountains‘and-rift=va11eys, much.like
‘those of the present day Africa. Seasonal streams brought sand, silt,

gravel én& mid from the mountains into the valleys. The sands deposited
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" by thesé streans’ éventually became lithified forming the ‘Stockton ‘sand-
stone, a lighflﬁan or pink to reddish brown rock' containing an abundance
‘of feldspar grains, Feldspar weathers quickly and disintegrates in a
humid climate, - This indicates very arid;climatic'COnditions_dnring_which'
“playa lakes formed in-low lying parts of the basin. Mud cracks and rain-
drop impressions found preserved in the Lockatong argiliite indicate that
the muds which accumulated on the bottoms of these lakes were frequently
exposed’ as the lakes dried up. At the edge of the deep fault or Trift -
valleys' the streams deposited coarse gravels, bt further out ‘in the val-
ley alluvial fans became fine sand or clay. The clay deposits of the -
‘alluvial fans in contrast to those in the playa lakes are known as the
Brunswick Formation,
Unless one remembers to consider the origin of the sediments, the early
Mesozoic, Triassic, and Jurassic sediments can be confused. Many of the
“older text books and some carclessly written references referred to these
sediments, the Stockton, Lockatong and Brunswick, as a stratigraphic suc-
cession. The sequence is not clear-cut and the formations interfinger with
each other. 'Sometimes all three formations were being deposited at the
same 'time. ThistiS“particuiéfly'tfué'with respect to deposition of the
Brunswick shale and the Lockatong argillite. The latter, because of their
chemical composition, are Tesistant to'weathéring and ‘are suitdblé for
building stone. The Brunswick shales weré deposited dimring wet périods
when the great valleys had external drainage flowing to the sea.
During the deposition of the Triassic sediments there were three out-

pourings of basdlt lava from the northwest side of the rift vélieyé; These
lava flows remain now as the Watchung Mmntains. Not all the molten ba-

saltic rock feached the surface. Some of it forced its way between layers
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of sediment -to “forin a sheet-1like body of intrusive ipneous rock called ‘dia-
base- (also.calléditraprock): -This mass of diabase, the Palisades sill;™
stretchies from Haverstraw, New York; to. south of Hopewell Borough in Mércer
Cozmty.-.f It wnderlies-Little Rocky-Hill in Middlesex County. This intﬁxsion
is-buried beneath:later: sediments- from Deans; isouthwest of the City of New

| Brunswick,. northward <o  the northwest part of .-Stateri- Island, where ‘it is

" again found at the surface' forming the southern extension of the Palisades.
‘Boulders-of this rock were found at the base .of the Sayer and Fisher clay
pit on Raritan Bay =and in: the foundations of the bridge between Perth Amboy
and South Amboy. Water wells some:miles south of New: Brumswick also en-
countered this rock at depth. Unlike the Watchungs, this intrusion proba-
bly originated along the eastern border of the rift valley.- -

Diabase, the intrusive roek, and basalt, the extrusive lava, -are identi-
cal in chemical and mineral composition. However, since.the diabase was in-
truded beneath the surface it cooled much more-slowly than the basalt and
the various minerals had a chance to grow larger crysta@ls-. -This was par-
ticularly true of the feldspar, the lighter crystals, which causes a dif-
ference. in color and. established a network of interlocking crystals which
makes the dizbase a tougher, more. durable:rock than the- baSalt_ for such
. uses ‘as highway pavement." ..

. Jurassic Period ~ Recemtistudies giving more-precise dates - for. parts of

- Mesozoic history and the:New Jersey Piedmont .indicate that the: tmpenmst
(youngestj. beds of the Bnmswick-_-. Formaticn .and the basait.- lava flows of the
2nd Watchung may have»_been--deposited:during the early Jurassic-Period. In

. New Jer-séy- the: exact. *bo‘uﬁda:ry:between -the Triassic and Jurassic rocks has not
been established.: There is apparently rio break in the continuous dépesition

of :sediments. - In the early days-of geologic. study, the New Jersey Mesnzoic




'rocks; were classified as Jurassic. However, fossil vertebrates found ‘in the
lower part of the sequence indicate a Triassic age. No fossil vertebrates
have been found in the Triassic sediments of Middlesex County.

After the Triassic and Jurassic sediments were deposited there was a
crustal movement which resulted in a2 reversal of dip or tilt. Rocks that
were originally deposited in nearly horizontal:beds dipping to the south are
now seen to dip about 15° northwestward. =

- Following the deposition,of the sediments and the igneous activityrof '
Triassic and Lower Jurassic age there was a long period of continuous eros-
ion during which.all of New Jersey was leveled to almost a plain, a peneplain,
with very low relief and streams many miles apart. This flat surface was the
Fall Zone Peneplain which extends under the present Coastal Plain sediments.
Subsequent to this ldng period of static crust, northern New Jersey was up-
lifted while southern New Jersey was depressed.

- Late Jurassic and Early Cretaceous - The present topography reflects the

removal of the more easily eroded rocks such as limestones and shales or:the
more shattered and jointed rocks along fault zones. The crystaliine rocks,
basalt and diabase, being less easily ‘weathered stand as ridges. To 2 lesser
extent, . the argillite and conglomerate of the alluvial fens form less pro-

-nounced hills giving central Middlesex County its rolling terrain.

Cretaceous Period ~ As the Fall: Zone Peneplain subsided beneath the-qre—
taceous seas a succession of sands and clays were deposited on a new coastal
Plain and the offshore sea bottom. - During Cretaceous times the land rose and
subsided several times in relation to the sea level, changing the depositional
environment and location of the seashore. |

- The Raritan Formation was first to be deposited. Its sediments of sands

-and clays reflect an environment of flood plains and deltas of major rivers.
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.- Carbonized wood' (1ignite).and other land plant.fossils as. well .as bratkish
- water clams: are found in-this.formation. R e Tt
As southem:_New;Jexsey='S'azak.heneathr the sea, sands and-clays were. de-
posited. in bays- and .other shallow marine areas to become the Magothy Forma-
_tion. ~ Some marine. fo$sils ‘have- been found. '.Ihe-overly'rihg Merchantville:
..lFbrmation formed: with interstratified glauconitic sands.and thin beds of
" clayey Silt, indicating a deeper water (offshore) mérine environment.
- '.:The,dark gray clay.of the Woodbury:Formation was deposited on top of
the Merchantﬁille.L The -lack: of glauconite .indicates deposition in shal-.
.lower water than the Merchantville and signifies the first of several up
and dcwnrmovements:éf what is now the New Jersey Coastal Plain. As the
..water became even Shallower,«white_to;yellow.quartz:Sands and some clay
- layers were deposited to fbrmtthe,Englisﬁtown Formation.
A subsidence of the coast .followed-as indicated by the dark gray to
- black:silty glauconitic sands of the‘Marshalltownqurmatioh. The overly-
.ing medium-fine grained sands~¢ontain mica flakeS;ahd some glauconite of-'
- the Wenonah sands were deposited in deeper water.
.. - .. The next‘fbrﬁation;-thstbuntuLaurel, is so -similar to.the Wenonah that
‘they are grouped. together,:but :the Mount.Laurel becomes c¢déarser. toward the
top where:‘occasional ;pebbles .may be:seen, which indicates that .the ' subsid-
.. ence which began with the Wenonah. Formation was short-1ived:and the'sea
= -floo;‘-,;i_as,begiming.--to;rise.:..'I‘he’ depositien of the sediments -af-.--thé Mount
.Laurellwouldfindicate-tha; the sediments were depositedJCIOSer-td-shéfe-in
shallower water..
The Mesozoic Era was the age of. the dincsaurs. Dinosaur:fbotpriﬁﬁsr
+, have been found in the Brunswick Formation and in the ciays of the Raritan

. Formation.. Several-.skeletons have been found. in the Mesozoic rocks of New
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Jersey, but none have béen'found'in Middlesex County.. -

Cenozoic Era

Tertiary Period - There are no Tertiary sediments in Middlesex County,

but the history of 'a rising and falling ocean bottom, or sea. level, cemtin- = "~ 7

ued in the Tertiary Period of the Cenozoic Era to the south and east-of
Middlesex County. The Tertiary Formations suggest that, at times, ﬁﬁe
ancient New Jersey shore was well up into what is now north Jersey, while
~during the late Tertiary, the shore line may have been far off to the east
of the present coast.

Quarternary Period -

The Ice Ages - At least four times during the last million years of the

Cenozoic Era great icecaps spread southward from snow fields in Canada, cov-
ering much of the northern United States with an ice sheet up to two miles
thick, The last of these, the Wisconsin sheet, just barely reached Middlesex
County, and deposited a terminal moraine of boulders and mud carried south-
ward and released from the glacial ice as it melted. As indicated earlier in
the section on topography, this moraine now stands as a broad ridge stretch-
ing from the Plainfields through Metuchen to Perth Amboy. As the ice melted,
- great torrents of water deposited sand and mud in front of the moraine, form-
ing a broad outwash plain.

The Sand Hills deposit in South Brumswick Township is shown on the State
Geologic Map as an outlier or erosional remnant of the Raritan Formation, but
since it is separated from the other unconsolidated formations of the Coastal
- Plain it may belong to one or another of the Cretaceous or Tertiary Forma-
tions. The late Joseph Miller®, while investigating gas pipeline excavations
to the north of Sand Hills wncovered evidence of many glaciated striated

pebbles and some lake clays. This would suggest that the very earliest



" of the Sand Hills.
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.....

Between. the glacial stages: the rivers and streans. eroﬁeﬂ the abtmdant
+ .supply of sand and gravel leff be‘nnd hy the retreat'-np crlﬂc: ers and rede-
posited them along their courses. __:These .depos_lts-,__ the Pensaulen and Cape
Moy Fomtions, veneer, part of the Piedmont and most of the r,‘.oa:spal.l?lain '
*.of Middlesex County. _ 7

: ,;\_e&gg}_ - Beach, sanr‘s, stream spnds and gvnvel mrqh denosn:s anr‘ s0il

make up the youngest geologic deposits in the county.

;- *npublished work of the Late Joseph . ?‘flllﬁr, Jr.

LE
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éand and Gravel

Parlt:m anmtloh .

o MINFPALVRESOURCES AND HISTORY . 0 & % 7o

Ground Water

Mthough usually ovc.rloo]fed in reseurce 3151‘9 water 15 an mc‘:c.st\en-

_sable natural resourcck

P‘lddlesex County ’was 'sbum‘ﬂ_nt hut not unhmltn grmmo watPr surm“es.

Heavy pmpage by mdustry and mm:c1pal wells hqve 1cmrer<=ﬁ watm" levelq in

1

several 'lI‘O"lS mthm the county. Onp cr: 515 was averted w]*en cmprt‘mf' com-

panles pooled thelr resources nnd created m“ﬂmn} La]*e (I‘uhern'\”i is an ac-

ronym for “upon;, Hercules and N’lt101h] Leﬂd“l 'F‘th ralsed the w"-t“r'er t:ﬂ*le

levels, providin -zrleqw‘te Wﬁtpr for eacl* cnmpamr as wn]1 as fnr t}vc sur-

rounding conmmitles. anco then, Pcrt‘ﬂ Ambnv zm.r‘ cqyrem‘lle hwr— mc:h crn-

| stmcteﬁ similar "I‘tlflClq.l rec-mrcn 19‘ es aﬂJacpm“ to thelr well 4’16]:‘5.

* ‘ . N '."

Sand and gravel pits arc lecated at various nlaces in the cmm.' . The
P )

9bm1ancp of qand 1n several ?L"lnglc fomatmns D‘mvnﬂf‘s fnv locn 21 derand.

Larce plts in East B sw1c} an" ‘;outh Rlvor were est hshed to +m:f> advan-

ta?e of thlclt gravel (‘eposn:q adjacr’rt tn wator tr'msncrt. R’m]rﬁ ds anet

ol

truc}-'s now dr“ much “f the sh'l nre-'xt. 'Php Ppmau‘-’ﬁp c*r':\mls hnve bepn cor‘—

Lo e o - : . : '

pletely s*rmpnd in mny placos mth some. m +s nxtenmnn 6per~ mfn tlne

-~

N

Clays anﬂ Ppl,.tod Prm‘ucts

The Clav nlSt*‘lCT nf T 16319 S6X (‘mm*y wAs Once wzrurlf1 f-mf*us me' 1ts

several V°r1ﬂt1e>s n*" %y 231 t‘ﬂf rmnalm tnrhy of t“vs ance t"‘*r“Vl“?

Lo e

:mdustw of c1'1v nmduct"rn is one °mll ac'twe clav mf '3”’ e rPfT'-icfﬂrV

lﬂy npemtmp .

In tLe }‘57(‘“5,., r‘lnv 1311:'; qtrptchr’ fmr Q'\u‘r!« “nmr throufw q'ayre\n 11«

Jeea gt

to Scuth Am‘vny Few mTE WeTn cc*tTtPr’H southwerd as far as Tennents Pond.
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North of the Raritan River'most of the clay operations clustered arnund Wood-
bridge and the area south of Fords. Additional pits dntted the district as
far west as Iqrt:ms Doclf | | o
| All the :menrtant clays were takpn frorn the Raritan Formptlcm A_'lthouqh -
- the Raritan Fomatmn is mamlv sa.nd several clay 19yers arg fﬁtmr’l mthm it.
._Each 1:=yer produced its cwn particular tyne oF clay. Some merely proﬂucpr"
- Ccommon brlck clays, others flre clays - axnr'mg the= fmes* in tl*rh worlﬂ Strne-
ware and pottery clays vere fashloned 1ntc cormon anc‘ f*ne- nottery. Miscel-
}.aneous clay products frnm t11es to sam.t?ry fumres were Drnrluceﬁ in great
auundance. |

Interbeﬁded with'thé clajs was a high-grﬂde.fire sand useful in mé?ing
i'éfractoty bricks; Lignite r(brown coal) tnund in some beds was mined for rx
short while but this scon proved i@ractical becéuée -of the 'srna,}_l cmaﬁtity
- and poor burning characteristics. o
m : _ . , |
The various copper mines of the state hﬂve creneralw heen dlsannnlntl
fa11ures. The three occurrences in }’1ddlesex Cr)untv were no excentmn

The Frenc.h Mlne in 1‘\Iew Bwnsmck was started aFter copper was d1sc0\r°red
(m 1748) on the farm of Ph1111p French "'he twn hundred nounr‘s of conper
found whlle plowmg flelds ra1sed high hones.‘ Shnfts up to ﬁﬂ Feet deen and
tunnels that extended several hundred feet under the Rari tan prPT were ai-
legedly constructed ?‘any tnns of ore were renorteﬁly shmned to Fngland,
lbut the mne closed dmm in fa11ure. _

The Rarltan Mine, three ml@s sr*uthwest of New BI'UIISWICIC., was or1p1m11y
-' wnrked prior to 1840, then sold to a new operator in 1947 a"ter wblch it ap-
parently fa11ed The main shaft is said to be 167 feet deep. |

The Menlo Park (Fd1son) Mine was brleFly nper'-mter’f shorflv after conper
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was discovered about 1784.  Pénewed exploration an? reopening was attormtad
in 1812, 1827 and in the 1880's by Thomas Fdisen, and €inally apain in 10807,

“No' ore'wds ever shipped. The deepest shaft is ‘said tn he 127 feet deen.
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. GEOLOGIC TIME SCALR

Geologic time intervals are uneoval subdivisions of the earth's histrry
corresponding to eﬁrth's geologic events. FEras are the longest divisions of
time and contain many pericds which are further subdivided into apnchs. For-
mations, which aré mappable units of rock or Sédiméntsy usually have lithol-
ngy or characteristic distinctions and are assigned to that period or epncb
during which they are formed.

A formdtion's place within the stratigraphic colum is determined hv
fhe predominant form of 1ife preserved as frssils within the rocks or sedi-
ments. If fossils are lacking, a formation’s lncatimn in the time scale
.may be determined by itsrrelationship te previously dated units. nly rec-
ently have geologists been able to place an nbsclute date on these relative
time units by radicactive methods. |

The geologic column is used throughout the world, although some re-
gional modifications may be used for greater clarity.

In the accompanying stratigrephic colum, the rock tyne given after
the name is the most common variety frund in the county. There may be

variation of lithnlogy within the formation from nizce to place.




GEOLOGIC TIME SCALE OF MIDDLESEX COUNTY

Period

Epoch

Formstion and

{ . Approx. Age
}Hillion Years

Exa Approximate Thickness ~before Present
Soil e '
‘Recent ‘Alluvium’ (10-50 h)
Marsh deposits (0~50 )
Ice—borne glacial depositS'
Terminal moraine (80-150")
‘Ground moraine or till (0-10')
Quaternary | Pleistocene | Water~-borne glacial sediment: 0-1
3‘ . _Outwash; including. Sand Hills .
C - sedimenta. (10-60 ). . R
g ' Cape May gravels (0*30')‘-Not sﬁbwn-
% Pensauken gravels (0-70')- on map
Pliocene o
Miocene o
| Tertiary .0ligocene Not present in county. - - 1-70
Paleocene
‘Mt .Laurel-Wenonah sands (50')
Marshalltown clays (40') ‘
Englishtown sands {100')
Cretaceous Woodbury clays (50') 70-135
- Merchantville clavs (55')
= Magothy sands (90')
§ Raritan sands and clays (200°)
wi
3 Palisades diabase (850')
_Jfrfsgif Y T Brunswick shale (6,000") ' - 132"289 _
", 1 Lockatong argillite (3,500") _
Triassic ‘Stockton sandstone (2,500') 180-255
Permian )
Penn. ) | I e
Carboniferous) | Not present in state .’
g Miss. ) o IR R R ,.
S D o 225-600
8 Devonian ) 1. ' L
= l'sflurian ) Not present in county
M | ordividian) : T
Cambrian
é Z Crystalline "Basement" 600+
3 =
=
6

Dashed lines indicate formation being deposited in two time periods.




~16-

' SELECTED REFERENCES

Barksdale, H. C., 1943, The Ground Water Supplies of Middlesex County,
New Jersey; NJ Geological Survey, Special Report 8§, 160 p.

'Geolog1ca1 Survey of New Jersey, 1878, Report on the Clay Deposits of
Woodbridge, South Amboy and Other Places 1n New Jersevy, 381 p.

thnson, M. E., 1950, Geologic Map of New ersez, NJ Geological Survey,
Atlas Sheet #40, scale 1:250,000

Kummel, H. B., 1940, The Geology of New Jersey; NJ CeOIO?1C11 Survey,
Bul. 50, 203 p.

Ries, H., kummel, H. B. and Knapp, G. N., 1904, The Clays and Clay
' Industry of New Jersey; Report of the State Genloglst Vol. VI,
548 p.

Salisbury, R. D 1902 ‘The GlaC1a1 Geology of New Jersey, Report of
' the State Geologlst Vel. V, 802 p.

Widmer, Kemble, 1965, The Geology and Geography of New Jersey; NJ Histor-
ical Series, Vbl ~19, 193 p.

: Woodward, H. P., 1944, Copper Mines and Mlnlng in New Jersey; NJ Geolog1-
' cal Survey, Bul. 57, 156 p.

. BOOKS OF INTEREST AVAILABLE
FROM THE NEW JERSEY GEOLOGICAL SURVEY

County Series:
Geology of Atlantic County in Brlef Brenda Jogan, Asst. Genlovist
Geology of Bergem Coumty in Brief; Carol S. Lucey, Sr. Geolnplst
Geology of Burlington County in Brlef K. Widmer and C. S. Lucey

Geology of Essex § Union Coumties in Brlef C. S. Lucey, Sr.Genlogist

Geology of Hunterdon County in Brief; Carol S, Lucey, Sr.Geologist
Geology of Mercer County in Brief; Kemble Widmer, State Geologist
Geology of Monmouth County in BTIEf Paul B. Dahlgren, Sr.Geologist
Geology of Morris County in Brief; Carol S. Lucey, Sr.Geologist -
Geology of Passaic County in Br1ef David P. Harper, Sr.Geologist
Geology of Somerset County in Brlef Debra Tobiassen, Asst.Geologist
Geology of Sussex County in Brief; Carol S. Lucey, Sr.Geologist
Geology of Warren County in Brief; Carol S. Lucey, Sr.Geologist




Dorsey Brick Yard, South River. Rows of bricks
are seen in the foreground sim drying prior to
being kilned. (Frem a 1901 photegraph redrawn
by John Kremper.) -





